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TEST EVERY SENIOR PROJECT

UNDERSTANDING THE SOCIAL ASPECTS OF SCIENCE

Willard W. Korth

That science has had & tremendous impact on modern culture is

only too evident. Science educators need to be concerned with the

importance of this fact for citizens in general and students in par-

ticular. All educated people, whether they become directly associated
with the scientific enterprise or not, nee.dA an understanding of certain
basic faéts, concepts, and methods of science and their influence
upon our way of life. Furthermore, students should be familiar with
the implicatioﬁs of important new scientific and technological develop-
ments so that they may act intelligently on vital issues of the present
and futuref‘, ‘Finaily, all students should recognize that while science
influences sbciety, ;society also influences the scientific enterprise.
Several stu-dies have explored studernts conceptions of the social
aSpects"of sciénce. Allen (1959), usilng an Attitude Inventory with'a
sambié c‘>f' high schvool seniq;s, conclu»ded thatvthe students had positive
and"qpqs“frﬁctiive attitudes;_tbward science. However, an item analysis

suggested that on many important matters related to a public image of

‘science and the scientist there was misunderstanding, confusion, and

possibly ignorance exhibited by substantial numbers of seniors re-
sponding to the issues and problems implied by the statements in the
Attitude Inventory. This was especially true for those items bearing

on the scientist and his work and on the nature of science. Mead and
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Me2traus:. (1957) =nalyzed a nationwide sample of essays written by high ;
school students in response to incomplete statements. They concluded
that while the foicial image of the scientist was wvery positive, this
is not so when the student's personal choices are involved. Science
in general is represented as a good thing. However, when the question
becomes one of personal contact with science, the image is overwhelmingly
negative.A Earlier studies by Baker {1956) and Wilson (1254) also seem
to indicate thét students lack an understanding of the nature of science
and its social implications.

As part of the Test Every Senior Project an attempt was made to
assess students' understanding of the social aspects .of science. TFor
the purposes of this investigation, the social aspects of science are
defined as those components of science which deal with the interaction
between science and society and those features which are related to
the social nature of the scien,tific enterprise itself. A theoretical model
of the social aspects of science was developed through an extensive
study of the_.relevant literature. This model consists of three major
as‘sert'ions with a ’Series of Statembents.expainding each assertion.
The lf’:hrebc—:;_ asse:rti.ofvl.'s‘v whicihv form bthe basis of this instrument are:

.'_"1(1_)‘ ' Sciénces a'nd technology interact with each other and
B " with society. - '

(2) 'Ifhe‘ scientific enterprise is an internally regulated
social institution. ‘

(3) The changes in society resulting from advanced sci-
ence and technology may produce social, cconomic,
and political problems which must be managed through
appropriate social and political processes.



The instiument used in this study consists of 52 statements reo-
lated to the three areas listed on page 2. Every student was asked to
respond to each statement on a five point scale ranging from strongly
disagree to strongly agree. A recent study by Schwirian (1968) has
demonstrated that, even though they are short, such Likert-type scales
discriminate between individuals and are fairly reliable. In a previous

study (Korth, 1968) it was found that this instrument, the Test on the

Social Aspects of Science (TSAS), had an estimated reliability for the
total .test of .71 based on the use of the Kuder Richardson Formula 20.
The test can be divided into three parts. Part I consists of 19 items
related to the interaction among science, technology, and society.
Part II is made up of 21 items concerned with the social nature of
the scientific énte‘rpr_ise. Twelve items related to the social respon-
sibilities, of scientists make up‘Part- II1. The estimated reliability on
each of the three ﬁ)a§rts of the test wés .43, .53, and .40 respectively.
One of the questions explored in the Test Every Sc...or Proj«
concerned with_-whether students who take the elective science courses
in high school héve a different conception of the scientific enterprise
and the inferaction of science land”isociety vthan students Who avoid these
coursés oIt is recognivze;cl that there are substantial differences in the
make up of these two groups. The students wﬁo ellec':t additional science
courSes are usually the brighter students who are more highly academically
motivated and are more likely to be college bound. However, the social
aspectvs of science are of concern to all future citizens whether they are
orientec toWard science related careers or n.Ot.. It was, therefore, felt

El{llC | - | - |
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that if there were substantial differences between these two groups,
it might point out serious deficiences in the science curriculum as
it concerns the total range of high school students.

For the purpose of this study science oriented (SQ) students are
defined as those students who have elected to take chemistry and/or
physics during their High school experience. Non-science oriented
(NSO) students are those who did not take either chemistry or physics.
The sample used here consisted of 1,493 students who took the Test

on the Social Aspects of Science (TSAS) as part of the Test Every Senior

Project. The division of students into groups is given in Table 1.
TABLE 1

DIVISION OFVSTUDENTS INTO GROUPS
FOR TSAS ANALYSIS

: Boys Girls Total
Science-uvriented (SO) 485 380 865

Non-science oriented (NSQO) 25

256 372 628
41 752 1,493

Analysis of the results was pérformed ‘bn an item by item basis by
groﬁping.respbnses iﬁto three categories: (1) ‘strongly disagree - diéagree;
(2) uncertain; and (3) stronglly'ég_rée- —‘ag'ree and then comparing groups |
th‘rough the use of a Vchi _sdgé;e; ‘Related items were finally grouped
according to topics _an%:l comparisons were‘made concerning specific areas
of interest, |

Significant différences at the .01 level were found between science-

oriented and non-science oriented students on 10 of the 19 items on Part I




relating to the interaction of science, technology, and society. On
Part 11, .conc:erning the nature of the scientific enterprise, significant
differences were found on 16 of the 21 items. There was also a
significant difference on eight of the twelve items on Part III related
to the social responsibilities of science and scientists. The fact that
science-oriented students differed significantly from non-science
oriented students on 34 of the 52 items indicates that the two groups
have quite different views of science as it relates to scciety.

In order to gain additional information regarding the nature of these
differences, test items were grouped according to spacific topics and
comparisons made between science-oriented and non-science oriented
students in each of these areas. The five topics selected for analysis
are discussed in the following sections of this pa,;;er.

Topic I. The students conception of the relationship between

science and technology is assessed in the following

items:

26.. In modérn industriai societies science and fechnology have little
to do with each other.

' 28. -The steam engine'was one of the most important developments in
the history of science.. : :
34. 'The.‘g:r,éavtes_t accompli_shr_nénts ‘of sciencevconsisvt of the many
‘ useful products it has produced. ’

37. " Researchers in science use the theories and laws ciscovered by
workers in technology . :

44. Te_chr:;;)logy‘often brovides the tools and technigques that lead to
new discoveries in stience.




TABLE 2
COMPARISON OF SCIENCE-ORIENTED AND NON-SCIENCE
ORIENTED STUDENTS REGARDING THE INTERRELATION OF
SCIENCE AND TECHNOLOGY

(Percent of Students Responding)

Science-oriented Non-science oriented Chi~

Item D U . A NR D U A - NR square Sign.
26 90.3 5.1 3.9 0.7 78.3 14.3 7.1 0.3 45.2 .001
28 22.6 18.5 58.2 0.9 21.3 18.0 60.3 0.5 0.9 n.s.
34, 22.1 10.2 66.4 0.7 15.8 9.1 74.2 1.0 11.9 .01
37 23.2 34.0 42.0 0.7 13.7 41.5 43.5 1.3 31.0 .001
44 5.4 7.9 85.3 1.4 4.1 12.9 81.4 1.6 7.6 .05

The most interesting result here concerns the low percentage of
students in both grqups who seem to understanc the nature of science
and technology. Less than one-fourth of the students in both groups
recognize the steam engine as largely a technological achievement
{Item 28). The response to Item 34 seems to indicat= that many students
4 ww science in terms of products rather than in terms of acquiring

-knowledge. While fhere was a significant difference between the two
groups, approximately 22% of the science-otiented students disagreed
with the 'stéte‘ment. 'A'I'he.lalfge nUmber of students who marked uncertain
on Itérr_xv 37 c‘an_ be -'inte_rplj'gate'cvi as lfuvrther evidence of their lack of under-
stan:d_iﬁg:.of fhe intAéfl"relatibh“ﬂbfj's'c‘iénce and technology.

, Toﬁic II Thévintvera.ct:;ton of séience and society

1. The many changes our culture is undergoing today have largely been
caused by advances in science and technology.

13. Scientists are strongly influenced by the attitude and 1ntcrests of
the general public.

21. Because of the high cost of scientific research it would seem wise

to cut down on research that does not appear to have any practical
" value.
, 23. The economic prosperity of most nations today deponds on their
]:lk\l‘c ability to discover and use scientific’ knowlcdge




29, Science would advance mcre efficiently if it were more closely
controlled by the government.

33. Many of today's soccial, economic, and political problems require
the use of science and technoloagy for their solution.

38. The political climate of a nation has little effect upon its
scientists since they are pretty much isolated from the rest of society,

40, Social and economic changes will probably be nccded to keep pace
with the rapid advance of science and technology.

47. New scientific knowledge affects society only through the practical
use made of it.

48. In a demécracy the public should ultimately control the support of
science and the use of its achievements.

49, It would be a good idea to slow down science until society has had
a chance to adjust to the changes science has brought about.

TABLE 3
COMPARISON QF SCIENCE-ORIENTED AND NON-SCIENCE ORIENTED
STUDENTS ON ITEMS RELATED TO THE INTERACTION OF
SCIENCE AND SOCIETY

(Percent of Students Responding)

Science-oriented Non-science oriented Chi-
item D U A NR D U A NR square Sign.
1 3.3 1.2 94.9 0.5 | 4.8 2.4 92.5 0.3 5.4 n.s.
13 39.4 18.8 41.1 0.6 |33.3 21.6 44.6 0.6 20.7 .001
21 57.2 12.3  29.9 0.6 |43.9 5.9 39.8 0.5 26.4 .00l
23 7.6 9.5 82.2 0.8 |11.1 11.1 77.1 0.6 7.5 .05
29 70.5 18.0 10.7 0.7 [59.8 22.6 17.2 0.4 7.9 .05
33 11.4 11.7 = 76.3 0.7 |14.5 13.5 71.2 0.8 5.1 n.s.
38  83.7 7.3 8.4 0.7 |70.8 14.3 13.6 1.3 35.0 .001
40 7.9 8.3 82.7 1.0| 8.9 1:2.6 77.3 1.3 8.2 .05
47 . 42.8. 9.5 46.4 1.3 |35.1 11.1 52.2 1.6 9.0 .05
48 . 47.5 17.0  34.0 i.5 (40.4 17.3 40.4 1.9 8.2 .05
49 . 79.7 9.7 9.3 1.3 |65.1 14.5 18.9 1.6 23.8 .001

There is ah indication ’of an anti—sqience attitude on the part of non-
séience oriented students:‘.éSpeciélly as iflis related to those areas of
science which promise littie immediate practical value. For example,
s‘ignificantlyvmore ﬁo,n;science' orieritéd students agreed with the state-

ment that it might be wise to cut down o'n.reseérch that does not appear
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to have any practical value (Item 21), and although a minority,

the non-scionce Studonts were more likely to agree that science should

be slowed down until society has a chance to adjust to the changes it

has brought about (Item 49). The non-science oriented students also

had a greater tendency to agree with Item 29, that science would advance

more efiiciently if it were controlled more closely by the’QOVférnment.

One interesting result was in the fact that cver 40% of all stndents dis-

agreedwith the statement (Item 48) that in a dernocracy the public should

ultimately control the support of science and the use of its achlevements.
Topic III. Understanding the nature of science

2. Statements are not accepted as scientific knowledge unless they are
absolutely true,

3. Scientists have advancoed knowledge by consistently following, step
by step, a definite procedure called the scientific method.

22. The princi‘pal aim of science is to provide the people of the world with
the means for living better lives. :

24. Science is prim’arily a method for inventing new devices.
30. Many o1 the scientific theories of the past have been disproved or modified
as they have been found inadequate. However, the theories and laws of

modern sc1ence are accurate and are iikely to endure in their present form.

43. The aim of science is to lncrease man's kncwledge of the physical and
- and biological world

45. The scwntific investigation of human behavior is of little value since it
- must involve the personal opin1on of the investigator.

51. A iundamental rule of science is that discoveries should have some
.practical value. :

10



TABLE 4

COMPARISON OF SCIENCE—ORIENTED AND NON-SCIENCE ORIENTED

STUDENTS ON UNDERSTANDING THE.NATURE OF SCIENCE

(Percent of Students Responding)

Item D U - A NR D U A

2

3

22
24
30
43
45

51

Science-oriented Non-science oriented Chi-
square Sign..
37.2 .001
37.6 .001
7.5 .05
29.0 .001
49.0 .001
2.4 n.s.
46.6 .0C1
62.1 .001

Z
o

52.8
68.4
8l.1
21.8
27.5
82.1

8.8
41.2

27.0 13.2 59.3
18.0 18.9 60.4
8.6, 7.3 83.4
55.7 10. 33.4
40.9  26. 32.3
11.3 8. 78.5
66.1 14. 17.8
23.3 17.2 57.4

39.9 6.
22.5 8.
10.8 7.
68.4 8.
57.9 13.
7.
8.
4.

w N
* @

<

9.3
81.5
43.0 1
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‘There was a significant difference ‘at the .01 level) between science-

oriented and non-science oriented students on six of the eight items in

this area. Scien.ce-oriented students were more likely to disagree that

statements are not accepted as scientific knowledge unless they are
absolutely true (Item 2). There was alsb a higher probability that they
would disagree with Items 24, 30, 45, and 51. One Would predict that
greater expesure to science courses would promote a better understanding
of the aims ‘of science’an‘d itvs metheds . .In general, this idea is supported
by the data.

However, an alternative explanation ean be offered. Perhaps these
differences are largely due to a leck of understanding on the part of non-
science oriented studente rather than due to a high degree of sophistication
on the part of students who have taken chemistry and/or physics. It
ehould‘be noted that over half of the science-~oriented students agreed

that scientific knowledge had to be absolutely true (Item 2), and less than

60% understood the tentative nature of scientific theory as indicated by

11
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their responses to Item 30. In fact, the science-oriented subjects were

more likely to accept the notion of a scientific method (Item 3) than
were the other studenté .

Topic IV. The characteristics of scientists

11. ‘Winning the csteem of his associates is one of tho main incentives of the
scientisc. ‘

14. A scientist is likely to be unbiased and objective, not only in his own
field of work, but in other arcas as well,

18. Most scientists arc not interested in public recognition for their discoveries.,

27. Scientists often question cstablished social and political ideas. This is
truc because most scientists are political radicals and atheists,

39. Scientists have no business investigating topics that may question people s
religious beliefs.

46. The honesty and accuracy commonly attributed to scientists® reports of

their work is targely due to the fact that scientists as a group tend to be
more honest than other types of people.

LE 5

COMPARISON OF SCIENCE-ORIENTED AND NON-SCIENCE ORIENTED
STUDENTS ON UNDERSTANDINC: THE CHARACTERISTICS OF SCIENTISTS

(Percent of Students Respondmg)

. Science-oriented Non~science oriented Chi~
Item D U A NR| D U A NR square Sign.
11 67.9 11.7 -19.6 0.8 | 53.2 19.4 26.9 0.5 35.3 .001
14 37.9 22.9 38.4 0.8 |24.8 27.5 47.3 0.5 29.2 .001
18 38.5 23.4 - 38.0 0.1 |40.8 22.6 35.8 0.8 1.1 n.s.
27 80.9 " 13.8 4.3 0.9 |58.5 29.1 11.8 0.5 95.2 .001
39 73.4 12.3 13.5 0.8 |{53.2 17.3 28.3 1.3 70.0 .00l
46 56.8 20.5 21.8 1.0 |45.7 25.8 27.0 1.6 17.4 .00l

The data in Table 5 indicates that there are rather substantial differences
between the two groups on 5 of the 6 items in this category. However, the
distinctions are not clear-cut. On one hand, the responses to Items 14 and
46 suggest that science-oriented students have a more realistic view of the
chafacteristics of scientists., Theif responses to Items 27 and 37 appear to

indicate a more positive attitude toward scientists freedom to investigate.

32




11
Hcewever, responses to Items 11 and 18 by the same subjects reflect some

misconception of the scientists attitude toward recbgnition for his achieve-
ments. The best indicatiori_ of a lack of understanding of the characteristics
o‘f scientists is found in the comparatively la}ge number of students wno
marked the uncertain category (especially in Items 14, 18, 27, and 46).

Topic V. The scientists role in society

Scicntists should be concerned with Lhe potential harm that might result from
their discoverics.

[#4]
.

7. The judgment of scientists on political matters should be highly respected
since they are tikely to aprr~ich sich problems with a scientific attitude.

12. Most of the evil in the world .oday is the responsibility of scicentists since
they have developed the knowied e that has lead to such problems as
n:zzlear weapons, pollution, eic.

25. Scientists are usually more poorly informed on political matters than other
educated citizens since their work tends to isolate them from the rest of
society.

31, A sc1ent1st sh0uld w1thhold a discovery from the world if he thinks it may
have undesirable social consequences

50. The scientist gcnerally has ]1ttlc control over the usc society may make of his
discovecerics.

52. Muany of today's social and political problems are related to science and
‘ technology. Since scientists are experts in this field we should accoept
~ thedr judgmaent in uc.h matters.
TABLE 6

COMPARISON OF SCIENCE ORIENTED AND NON-SCIENCE ORIENTED
STUDENTS IN UNDERSTANDING THE SCIENTISTS ROLE IN SOCIETY

(Percent. of Students Responding)

' ] Science-oriented Non-science oriented Chi-

Item D U A NR D V) A NR square Sign.
5 18.4 5.9 75.1 0.5 8.7 7.0 73.8 0.5 0.8 n.s.
7 64.3 16.0 18.9 0.8 | 52.7 21.2 25.3° 0.6 20.0 .001
12 77.1 6.2 16.0 0.7 61.4 9.7 28.1 0.8 44.1 .001
25 71.5 15.8 12.1 0.7 63.0 19.4 17.4 0.3 11.6t .01
31 28.4 22.2 48.5 1.0 25.3 17.0 57.0 0.6 11.4 .01
50 26.2 15.7 57.0 1.1 27.4 17.5 53.5 1.7 1.4 n.s.
52 - .51.0 18.4 29.4 1.3 34.3 24.1 39.3 2.2 33.8 .001
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The responses to Items 7 and 52 indicate the the non-science oriented

cftuden't‘is mbre ‘.‘wil]ing to accept the judgment of scicntists on social and
politica_l matters than is the'scienc‘e ‘;)riented student. However, he is also
more likely to blame scientists for contempory probler_ns (Item 12) and to
believe that scientists are more poorly vinformed on political matters than
other educated citizens (Item 25).

Conclusion

The Test on the Social Aspects of Science attemnpts to assess students'
understanding of the relationship between science, te. iinoloyy, and society.

In this paper five areas of interest have been select=d ::nd comparisons made

school seniors. The range of topics available for study have not been com-

pletely covered. Instead, the study has been confined to those areas which

éppear to ShOW,'~'the- gfeatest différences and those of greétestivinterest in
curriculum devel‘opment.v |
In général, science—oriented st‘udehts show a more positive attitude toward
sc‘ibence, va _.‘bett'e.z; uhdetstanding of the nature Qf.the scientific enterprise, and
a more realistic caﬁcepf'iOn.df'the Characté_ristics of sciehtists._ Non-science
oriented studehts show fheir most"prc')nouncéd weaknesses in those areas related
to.the‘ nature of scienqé (Table 4) and the chafaéteristics of scientists (Table 5).
"I'hé results of this study indicafe that many students who do not take
chemistry and/or physics have serious misconceptions concerning the nature
of scie'nce, ’the scientific enterprise, and the interaction between science and

society. In present day society'an understanding of these factors is needed by

"all citizens in order to understand the impact of science on the contemporary

~world. While the results show that science-oriented students have a different

14
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viewpoint toward science and the scientist than other students, there is

evidence that many students who have taken chemistry and/or physics lack
an understanding of some of the important social aspects of science. Maﬁy
of them confuse science with technology, ex,préss their agreement with the
idea of__a_ scientific method, fail to grasp the nature of scientific knowledge,
and have a tendency to think of science in terms of material produ- ‘s rather
than as the acquisition of knowledge.l
The results of this study suggest two major implications concerning

science curriculum development. First, high schocel students who do not elect
chemistry and/or prysics have little opportunity to learn about the social
aspects of science, an area which promises to be an important component in
their future. This emphasizes the lncreasing need for science related courses
. f(_)r non-sc.ie‘nceloriented students to help ;vequip’ th_em to cope with a society
that ié highly'oriented‘ foward science and technology. - Second ,v since maﬁy
_sclence—orieﬁfeci ‘student‘_s demoﬁstrate a lack of understanding in the same
areas, th‘eré-is reééoh'té questi€>n' thé e_ffectivéness of pfesent day science

| courses as théy‘rellat;e to »the r}elaf.:ioﬁ_shipbetween science-and

;ocia_l 1ssvues.'.'_’ ‘Ivf l_eafning a‘bouf: ’hOWsciéncé'rélates to students' lives is

aﬁ imp‘o"rténtvob_jecvtive 'kof'-.sjéliehlce‘i'nvst'ructiovn, it appears that sciénce
educatbrs ‘nvee’c_i to ‘criti:c'allye.xamine present offerings in regard to their

contribution to this phase of general education.
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